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(54) CHOLESTERIC UQUID CRYSTAL COMPOUND AND HIGH POLYMER DISPERSED 
LIQUID CRYSTAL DISPLAY ELEMENT FORMED BY UTILIZING THE SAME 

(57)Abstract: 

PURPOSE: To provide a high polymer dispersed liquid . ,^ 

crystal display element with which a low driving voltage {\\.£={* e> ^ l' *t_l 

and high contrast are embodied. ""LOGH^ CHj H-i Uh^c'o *CkX 

CONSTITUTION: The cholesteric liquid crystal compd. I X 9 ^ 

precursor expressed by formula is applied between two 
sheets of glass substrates 1 and 1 formed with ITO 

transparent electrodes 2 at 50 to 1000&angst; ; 

thickness and thereafter, nematic liquid crystals and H" a fl~~s m « „ » r e I 

the precursor of a high-polymer gel are injected OXtn nil'"'' \ 

therebetween and are irradiated with UV rays to effect ^ — ^ f — q 

photopolymerization, by which the hydrophilic sections 
3 of the high-polymer main chains of the cholesteric 
liquid crystals 4 polymerized to a high polymer are made 
to exist only on the surfaces of the ITO transparent 
electrodes 2 and hydrophobic sections 5 are bordered 

with the nematic liquid crystal molecules 6 and the — : — ■ . . . r ^ g 

high-polymer gel 7. In the formula, (n) denotes an 
integer from 1 to 20; X denotes halogen, Y is >1C 
hydrocarbon groups contg. at least one kind among 
hydrogen, oxygen, sulfur and nitrogen. 
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[Claim(s)] 

[Claim 1]a cholesteric system with following structural-formula (I) — liquid crystal compounds 
and these polymerizations — polymers — a cholesteric system characterized by coming-izing - 
- a liquid crystal compound. 
[Formula 1] 



(Halogen and Y of n are hydrogen, oxygen, sulfur, and a hydrocarbon group of one or more 
carbon numbers of nitrogen for which a kind is included at least the integer of 1-20, and X 
among a formula.) 

[Claim 2]the surface of two glass substrates in which a transparent electrode was formed — 
the cholesteric system according to claim 1 , after applying a liquid crystal compound to a 
thickness of 50-1000 A, A polymers distribution liquid crystal display element characterized by 
coming to be formed by pouring in a nematic liquid crystal and a precursor of polymer gel, and 
irradiating with and carrying out photopolymerization of the ultraviolet rays. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]the cholesteric system in which this invention has amphiphilicity in a 
polymer liquid crystal dispersed system — a liquid crystal, and this cholesteric system — it is 
related with the polymers distribution liquid crystal display element which raised the 
characteristic especially memory nature, and contrast of the dispersed system to the maximum 
by using a liquid crystal as a phase transition induction object in the surface treatment of a 
clear glass electrode, and a liquid crystal cell. 
[0002] 

[Description of the Prior Art]Liquid crystal material is widely used for various kinds of 
monotonous display devices from having the peculiar characteristic which it is going to arrange 
in the fixed direction according to an external stimulus, for example, an electric field, a magnetic 
field, and mechanical force. 

[0003]Such the characteristic of liquid crystal material originates in the anisotropy of a liquid 
crystal element. The phenomenon in which a physical characteristic differs from anisotropy for 
every direction by the arrangement direction of a molecule is said. Not only driver voltage is 
dramatically low, but a liquid crystal display element is light compared with the existing 
cathode-ray tube, and there is the feature that contrast is high. 

[0004] Since polarization must be used in order to use a liquid crystal for a monotonous display 
device, a polarizing plate is certainly needed. In this case, since lights other than polarization are 
also absorbed, the cooling system for removing the heat to generate is needed for coincidence. 
The most important thing is that the orientation treatment for making the glass electrode 
surface carry out initial orientation of the liquid crystal is certainly required. Such a series of 
head end processes decreased the economical efficiency of liquid crystal cell manufacture as a 
display device, and have induced deterioration of display quality, and the increase in a defective 
fraction. 

[0005]The research and development which are going to use the liquid crystal polymer 
dispersed system which made polymer resin distribute a liquid crystal as a display device have 
been advancing very actively recently that the problem of such a conventional liquid crystal 
display element should be solved. By mixing and polymerizing low-molecular liquid crystal in a 
polymer precursor, a liquid crystal carries out phase separation to polymers as a molecular 
weight increases, and it distributes with the gestalt of the liquid crystal particle which low- 
molecular liquid crystal became independent of to the polymers matrix. If voltage is impressed 
to the glass electrode of a liquid crystal cell in such the state, since the liquid crystal in a liquid 
crystal particle arranges in the direction of an electric field, will penetrate light as it is without 
being scattered about, and a transparent state will be maintained, but. When not impressing 
voltage, since the refractive indicees of the liquid crystal in a liquid crystal particle differ for 
every particle when light passes through the inside of polymer resin, it is scattered about, and 
becomes opaque. 

[0006]When the above dispersion-transparent modes are used, unlike the existing liquid crystal 
cell, a polarizing plate does not have necessity, and a cooling system does not have necessity, 



either. Since a process is simplified, economical efficiency of the biggest strong point can 
improve, and liquid-crystal-orientation processing is not not only required at all, but it can 
reduce a defective fraction. 
[0007] 

[Problem(s) to be Solved by the Invention] However, the conventional liquid crystal polymer 
dispersed system has dramatically high driver voltage, and has a fault to which contrast 
becomes low by the slight transmitted light at the time of voltage un-impressing. 
[0008]this invention person is in charge of using a polymer liquid crystal dispersed system as a 
display device, The result of having repeated prolonged research the low contrast and high 
driver voltage which were the conventional faults being improved, and a simple drive system 
being made possible especially using memory nature, Amphiphilic cholesteric liquid crystal 
(amphiphilic cholesteric liquid crystal) with a special structural formula is found out, and it 
comes to complete this invention. 

[0009]The purpose of this invention is to provide the polymers distribution liquid crystal display 

element which raised memory nature and contrast. 

[0010] 

[Means for Solving the Problem]a liquid crystal precursor in which this invention is shown by 
following structural-formula (I), and a cholesteric system which polymerized and polymers-ized 
this — it is a liquid crystal compound. 
[0011] 
[Formula 2] 




[0012](Haiogen and Y of n are hydrogen, oxygen, sulfur, and a hydrocarbon group of one or more 
carbon numbers of nitrogen for which a kind is included at least the integer of 1-20, and X 
among a formula.) Again this invention, the surface of two glass substrates in which the 
transparent electrode was formed — the above-mentioned cholesteric system — after applying 
a liquid crystal compound to a thickness of 50-1000 A, it is the obtained polymers distribution 
liquid crystal display element which poured in the nematic liquid crystal and the precursor of 
polymer gel, irradiates with ultraviolet rays and carried out photopolymerization. 
[0013]ln this invention, a liquid crystal precursor shown by the above-mentioned general 
formula (I), A cholesterol group (tail portion) who compatibility with water is dramatically low, 
namely, has hydrophobicity, It is the feature that compatibility with water is the amphipatic 
molecule which equipped the same intramolecular with a very good tetravalent ammonium salt 
group (head portion), It is one feature again to have a double bond which can polymerize by a 
free radical initiator or ultraviolet light in a hydrophilic nature position in molecular structure 
(head portion). 

[001 4]A liquid crystal precursor of the above-mentioned general formula (I) can be 
manufactured, for example according to the following courses. That is, it is alike in a reaction 
vessel possessing a cooling system and a device from which water by which it is generated as a 
reaction advances is removed, and heats gradually, and it is made to react for 20 to 30 hours, 
after dissolving respectively cholesterol and 1 mol of 1 1-bromoundecanoic acid at a time in 
picking and toluene, refluxing toluene. A hydroquinone small quantity which is 0.5 mol of N and 
N'-dimethylaminoethyl methacrylate, and polymerization inhibitor is added together, and it is 
made to react for 20 to 30 hours, after making toluene remove and recrystallize under 
decompression and obtaining a white intermediate, carrying out flowing-back heating with an 
acetonitrile solvent. It is made to dissolve in chloroform and a white solid obtained by removing 
under decompression of an after-reaction solvent is refined to a high grade using silica gel, 
[0015]Since an amphipatic molecule which is a liquid crystal precursor of general formula (I) of 
this invention has a thermodynamically stable structure when it dissolves in water, it has the 



character in which a head portion of hydrophilic nature and hydrophobic tail portions try to 
gather mutually. Therefore, in order to make a thin film of a cholesteric-liquid-crystal precursor 
of general formula (I), After washing the surface of a glass substrate washed first very cleanly 
with distilled water and coating a thickness of 1 -5 micrometers with water on this glass 
substrate surface, It drops gradually at a time one drop of thing which melted an amphiphilic 
liquid crystal precursor of general formula (I) in about 50-100 mg at 5 ml of diethylether which is 
an organic solvent on the surface of a glass substrate, and an ether layer is coated on a water 
layer, making a water layer on the surface of a glass substrate irradiate with and polymers-ize a 
365-nm ultraviolet radiation line to a liquid crystal precursor which is making a film, after this 
evaporates ether thoroughly at ordinary temperature over about 2 to 3 hours — a cholesteric 
system — a liquid crystal polymer is manufactured. At this time, the intensity of light is made 
into 10 - 100 mJ/cm 2 , and, as for optical irradiation time, it is desirable to carry out in 30 
minutes thru/or 2 hours. Water which remains in the glass substrate surface is carried out as 
[ change / on the water surface / a liquid crystal precursor / make it freeze quickly at 
abbreviation-20 ** — 30 **, and / an array state ], and is evaporated under a high vacuum. 
Thickness of a liquid crystal layer to need can be adjusted by repeating such operation. 
[0016]After adjusting thickness for two glass substrates produced as mentioned above 
uniformly using Speicher and forming a cell, a liquid crystal mixture which mixed a nematic liquid 
crystal and a monomer which can form polymer gel by polymerization together is poured in here 
between cells using capillarity, then, a cholesteric system eventually completed by polymerizing 
a cell using 365-nm ultraviolet radiation — a liquid crystal cell by which the surface treatment 
was carried out with a liquid crystal can be obtained. 
[0017] 

[FunctionjThe liquid crystal cell of this invention is explained more to details. As conventionally 
shown in drawing 1 , after forming in the ITO transparent electrodes 2 and 2 inside the two glass 
substrates 1 and 1 , It formed in the orienting films 3 and 3 on it, mixed pouring of a pneumatic 
liquid crystal, a little cholesteric liquid crystal, and the polymer gel was carried out together 
among these glass substrates 1 and 1, and the polymers distribution liquid crystal display 
element was manufactured. Therefore, a pneumatic liquid crystal came to have cholesteric 
texture (or POKARU conicity texture) 4' through the whole cell, and there was a problem that 
driver voltage went up. 

[0018]On the other hand, since the amphiphilic cholesteric liquid crystal of this invention melts 
into water easily by the hydrophilic radical, as shown in drawing 2 , it can form LB film good 
between the two glass substrates 1 and 1 in which the ITO transparent electrode 2 was formed. 
That is, the hydrophilic part 3 of the polymers main chain 4 of the polymers-ized cholesteric 
liquid crystal is made to exist only in the surface of the ITO transparent electrode 2, and it is 
made to carry out the boundary of the hydrophobic site 5 to the nematic liquid crystal element 
6 and the polymer gel 7. 

[001 9]Since the POKARU conicity texture 8 is formed only in the surface side of the ITO 
transparent electrode 2 of a cell and the nematic liquid crystal 6 comes to exist in a central site 
by this as shown in drawing 3, Driver voltage is made low to the level of the nematic liquid 
crystal 6, and the dispersion nature (contrast) can have a high value like a POKARU conicity 
texture. 

[0020]The liquid crystal cell of this invention produced by making it above demonstrates the 
effect that the performance of contrast and driver voltage not only improves by leaps and 
bounds, but the simple drive system using especially memory nature becomes possible. 
[0021] 

[Example]Hereafter, this invention is explained more to details, giving an example. 
[0022](Example 1) 386.66 g (1 mol) of cholesterol and 1 1-bromoundecanoic acid 265.1 9g (1 mol) 
were melted in toluene, and it put into the 1-1. three-lot flask provided with the cooling system 
and the DIN stack device from which the water produced by a reaction is removed. Heating a 
flask gradually, toluene was refluxed and was made to react for 24 hours. After removing 
toluene under after-reaction decompression, it recrystallized, the white crystals (intermediate) 



of the high grade were obtained, and this was dried thoroughly. 

[0023]79.6 g (0.5 mol) of N-N'-dimethyiaminoethy! methacrylate and the above-mentioned 
intermediate are put into the 500-ml one-lot flask with which the condensator was equipped, 
and 10 mg of hydroquinone which is polymerization inhibitor is added, and it was made to react 
for 24 hours, carrying out flowing-back heating with an acetonitrile solvent. After melting in 
chloroform the white solid obtained by removing under decompression of an after-reaction 
solvent, the cholesteric liquid crystal monomer which passed to the board which filled silica gel 
and was refined by the high grade was obtained. 

[0024] 100 mg of this compounded cholesteric liquid crystal monomer was melted in 5 ml of 
diethyiether, and the transparent solution was made. After synthetic detergent washed the glass 
substrate in which the ITO transparent electrode was vapor-deposited the 1st order, it washed 
thoroughly at acetone and hexane and the surface was dried. After applying the distilled water 
from which ion was removed to the surface of this washed glass substrate, the solution which 
melted the above-mentioned cholesteric liquid crystal monomer was gradually dropped at 
diethyiether on distilled water through the micro injector. After ether was thinly applied on the 
water layer, it was neglected for about 2 hours and made to volatilize thoroughly at a room 
temperature. When the thin film of the cholesteric liquid crystal monomer was formed on the 
water layer, the cholesteric liquid crystal polymers-ized by irradiating this with ultraviolet 
radiation was produced. The strength of ultraviolet radiation of the irradiation time at this time 
was 70 mJ/cm 2 for 2 hours. Then, after freezing the glass substrate surface rapidly at 
abbreviation-20 ** temperature, water was thoroughly removed under the high vacuum 
(0.0001 Torr). 

[0025]Makingthe cholesteric liquid crystal layer polymers-ized on the surface of the glass 
substrate by the same method as the above, one piece used other one piece as covering of a 
cell as a lower layer of a cell. At this time, the thickness of the cholesteric liquid crystal layer 
on the prepared glass substrate was about 1 00A. 

[0026]On the other hand, 0.001 % of the weight of acetophenone derivatives were added as a 
photopolymerization initiator to 20 % of the weight of urethane system diacrylate monomers, it 
mixed with 80 % of the weight of E48 liquid crystals of MAKU with a nematic phase uniformly, 
and the liquid crystal mixture was prepared. The cell was made from the aforementioned glass 
substrate using 1 5-micrometer-thick Speicher, and the above-mentioned liquid crystal mixture 
was poured in using capillarity. After pouring was completed, in the strength of 500 mJ/cm 2 , it 
irradiates with ultraviolet radiation for 10 minutes, it was polymerized, and the liquid crystal cell 
was manufactured. Then, the usual method estimated contrast, driver voltage, and speed of 
response, and the result shown in Table 1 was obtained. 

[0027](Examples 2-4) Although the liquid crystal cell was manufactured like Example 1, the 
thickness of the cholesteric-liquid-crystal surface layer was 250 A (example 2), 500A (example 
3), and 1000 A (example 4). The physical properties of these liquid crystal cells were similarly 
estimated as said Example 1, and the result shown in Table 1 was obtained. 
[0028](Comparative example 1) The liquid crystal cell was manufactured like Example 1 except 
having omitted carrying out a surface treatment by cholesteric liquid crystal. The physical 
properties of this liquid crystal cell were similarly estimated as said Example 1, and the result 
shown in Table 1 was obtained. 
[0029] 
[Table 1] 
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[0030] 

[Effect of the Invention]clear from the above-mentioned table 1 — as — the cholesteric 
system of this invention — the liquid crystal display element using a liquid crystal compound, 
Since the POKARU conicity texture was induced only on the surface of the cell, rather than the 
existing liquid crystal cell, contrast improved, driver voltage could be reduced to the level of a 
nematic liquid crystal, and speed of response also improved. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing typically the section of the polymers distribution liquid crystal 
display element with which a conventional nematic liquid crystal and cholesteric liquid crystal 
were mixed. 

[Drawing 2] It is a figure showing typically the section of the liquid crystal cell structure in which 
the surface treatment was carried out by the cholesteric liquid crystal of this invention. 
[Drawing 3] It is a figure showing more the section of the liquid crystal cell structure of drawing 
2_in details. 

[Description of Notations] 

1 Glass substrate 
1 ' Glass substrate 

2 ITO transparent electrode 
2' ITO transparent electrode 

3 A hydrophilic part 
3' Orienting film 

4 The polymers main chain of cholesteric liquid crystal 
4' Cholesteric texture (POKARU conicity texture) 

5 Hydrophobic site 

6 Nematic liquid crystal element 

7 Polymer gel 

8 POKARU conicity texture 
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